Recently, an increasing number of studies have suggested a role for the basal ganglia and related dopamine inputs in procedural learning, specifically when learning occurs through trial-by-trial feedback (Shohamy, Myers, Kalanithi, & Gluck. (2008). Basal ganglia and dopamine contributions to probabilistic category learning. Neuroscience and Biobehavioral Reviews, 32, 219-236). A necessary relationship has however only been demonstrated in patient studies. In the present study, we show for the first time that increasing dopamine levels in the brain improves the gradual acquisition of complex information in healthy participants. We implemented two artificial-grammar-learning tasks, one with and one without performance feedback. Learning was improved after levodopa intake for the feedback-based learning task only, suggesting that dopamine plays a specific role in trial-by-trial feedback-based learning. This provides promising directions for future studies on dopaminergic modulation of cognitive functioning.
Introduction
In procedural learning, acquisition of knowledge occurs gradually, and is based on an ongoing presentation of multiple stimuli and responses (thus, involving trial-by-trial feedback), exemplified by the acquisition of motor skills or language rules (Ullman, 2004) . Recently, procedural learning has attracted a substantial amount of interest, emerging from neuro-imaging, animal and lesion studies, with the consensus that the basal-ganglia system and the prefrontal regions to which it projects, subserve as a neural correlate for this type of learning (Shohamy, Myers, Kalanithi, & Gluck, 2008; Ullman, 2004) . Whereas only few studies have tested healthy participants' striatal involvement in trial-by-trial feedback learning, several patient studies have shown that basal-ganglia disorders particularly disrupted feedback-based procedural learning, as assessed by the Weather Prediction Task, where participants had to learn probabilistic cue-outcome associations over many trials (Knowlton, Mangels, & Squire, 1996; Knowlton, Squire, et al., 1996) . This finding has been corroborated by an fMRI study with healthy participants (Poldrack et al., 2001) , showing engagement of the basal ganglia in a trial-by-trial feedback-based learning task. Interestingly, this activation was decreased when the same task was learned without feedback, although performance levels were similar. Since fMRI methods cannot demonstrate the necessity of the striatum in feedback-based learning, Shohamy, Myers, Onlaor, and Gluck (2004) replicated this experiment in Parkinson's disease (PD) patients, typically suffering from a loss of nigro-striatal dopamine neurons that disrupts striatal functioning (Agid, JavoyAgid, & Ruberg, 1987) . As expected, they were only impaired on the feedback-based task, but not on the non-feedback version of the same task. Another way of assessing procedural learning is through the artificial-grammar-learning (AGL) task, where participants learn a complex grammar after being exposed to positive exemplars only, hence, no feedback is involved. Here, PD patients were not impaired (Reber & Squire, 1999) . Smith and McDowall (2006) manipulated the AGL task such that participants had to learn through trial-by-trial feedback, and found that PD patients are selectively impaired in a feedback-based version of the AGL task (Smith & McDowall, 2006) . A consistent result throughout the literature is thus, that PD patients are impaired when learning occurs through feedback, but not when learning occurs through merely observing exemplars of a specific category (i.e., observational learning).
